Objective: Total knee arthroplasty (TKA) is a major risk factor for thrombosis in patients over 40 years of age and this risk persists for several weeks after the surgery. Since infl ammatory mechanisms affect coagulation and the natural anticoagulant system, we aimed to investigate protein C activities and infl ammatory markers in patients undergoing TKA surgery.
Introduction
Osteoarthritis (OA) is a group of chronic and painful conditions affecting synovial joints (1) and is commonly described as a non-infl ammatory disease in order to distinguish it from infl ammatory arthritis. However, occasionally, infl ammation is recognized as contributing to the symptoms and progression of primary osteoarthritis (POA) (2) .
Total knee arthroplasty (TKA) surgery is a major risk factor for thrombosis in patients over 40 years of age and this risk persists for several weeks after the surgery. Hypercoagulability is a feature of both infl ammatory and degenerative joint diseases, which may or may not contribute to postoperative thrombosis. The causes of the hypercoagulability in chronic arthritis have not been completely identifi ed (3) .
Due to hypercoagulability (3) and fi brin formation in cartilage in patients suffering OA (4), natural anticoagulants are predominantly important to disease progression (5) . The natural anticoagulants function to dampen the elevation of cytokine levels. Hence, down regulation of anticoagulant pathways not only promotes thrombosis but also amplifi es the infl ammatory process (6) . In infl ammatory conditions, tumor necrosis factor-α (TNF-α) has been implicated in a number of pathophysiological processes. Chondrocytes obtained from patients with OA actively produce TNF-α (7) and TNF-α elicits the expression of tissue factor (TF), the main precursor of protein C (PC) on blood cells (8) .
In the literature, it has been reported that patients undergoing TKA surgery have a tendency to thrombosis and there is an extravascular fi brin formation in joint spaces, the reasons for which are open to discussion (3, 9, 10 ). In our current study, we wanted to clarify and confi rm the relationship between PC activity and infl ammation by evaluating CRP, ESR and TNF-α levels in preoperative plasma and synovia of POA patients to determine the risk or susceptibility for development of thrombosis during TKA or even a few days after TKA surgery.
Patients and Methods
Twenty female patients with a median age of 59 years (range 48-80) undergoing TKA surgery were included in the study. The control group was formed by 20 volunteer healthy females with a median age of 54 years (range 44-68). Informed consent was obtained from all patients according to the Declaration of Helsinki. Diagnosis of the patients were made on the clinical examination, pains after activity, swellings, rushes, joint movement examinations, knee pain and osteophytes on radiographs and radiographic examinations (11) . The patient group comprised of individuals who had end-stage OA of the knee (determined by their surgeon and confi rmed by X-ray) and who were scheduled for TKA surgery. Patients with diabetes, cancer, heart or liver disorder were not included in the study. While samples were being taken from the patients, they were asked if they received any medication. All participants were asked to stop non-steroidal anti-infl ammatory medications (NSAID) for a period of 3 days prior to testing.
To obtain plasma, blood was collected from the patient group and controls in the morning after an overnight fast. Samples were centrifuged at 1500g for 10 minutes at 4ºC. To obtain serum, venous blood samples were collected and then centrifuged at 1500g for 10 minutes at 4ºC. Synovia was centrifuged at 1000 rpm for 10 min to sediment cells. The protocol for obtaining synovia from knee joints was approved by the institutional ethics review board and joint aspiration was performed only when medically necessary. Our control group consisted of patients with a torn meniscus of a 1 month history, without infl ammation in their knee joint (12) . Control specimens were obtained from patients immediately before arthroscopy for trauma to menisci. During aspiration of synovia, none of the patients had swollen joints or a raised sedimentation rate and elevated CRP. All specimens were stored at -80ºC. The samples taken were subjected to PC, TNF-α CRP and ESR tests.
Determination of Protein C Activity:
The STA-Stachrom PC (Lot No: 5096C01) kit was used for the quantitative determination of the functional PC level by the synthetic chromogenic substrate method. PC is activated by the specifi c activator. The quantity of enzyme thus formed is measured by its amidasic activity on the synthetic chromogenic substrate. The intensity of the color produced is directly proportional to the level of PC initially present in the synovia and plasma of patients and the control group. PC assay of the samples to be tested is automatically carried out by the STA at 405 nm as soon as the samples have been loaded.
Determination of TNF-α Levels:
Measurement of TNF-α in plasma and synovia of the TKA and control samples (total amount of free TNF-α plus the amount of TNF-α bount to soluble receptors) have been employed for quantitative sandwich enzyme immunoassay technique (Lot No. 062805-Biosource Elisa kit).
Determination of Routine Laboratory Tests:
Quantitative CRP measurement was carried out using hs CRP nephelometric method (BN II Nephelometer Dade Behring, Marburg) and ESR was determined by the method of Gambino et al. (13) .
Statistical Analysis
Student -t test was used for statistical evaluation when the two groups were compared. Value of p<0.05 was considered signifi cant. The statistical software package SPSS 11.0 (SPSS, Inc., Chicago, Ill., USA) was used.
Results
A signifi cant decrease was observed in PC levels both in synovia and in plasma of POA patients when compared to controls. (p=0.0002 and p=0.0051 respectively) ( Table 1 ). In addition, in the patient group, a statistically signifi cant increase was observed in TNF-α levels both in synovia and in plasma (p=0.02 and p=0.049 respectively) ( Table 1) .
Seventeen of the 20 patients with preoperative ESR had an ESR >15 mm/hour and 3 patients had preoperative ESR of <15. Sixteen of the 20 patients with a preoperative CRP had a CRP >10 mg/L and 4 patients had a CRP <5. Moreover, ESR levels of the patient group was found to be very signifi cant in comparison to the control group (p=0.003). On the other hand, serum CRP levels were increased insignifi cantly when compared to controls (p=0.079) ( Table 2 ).
Discussion
Since TKA surgery is a major risk factor for thrombosis and hypercoagulability is a feature of both infl ammatory and degenerative joint diseases, although the causes have not completely been identifi ed, we aimed to evaluate PC activity and infl ammatory indicators such as TNF-α, ESR and CRP in patients undergoing TKA surgery. Herein, PC activity indicating hypercoagulation signifi cantly decreased in the patient group.
TKA is one method for treating advanced stage osteoarthritis, or chronic wear of knee joint cartilage (14) . However, infection can develop as a complication after TKA surgery (15) . In knee arthroplasty surgery, the damaged bone and cartilage are replaced with metal and plastic surfaces that are shaped to restore knee movement and function (14) . In this patient group, exercise is severely hampered by stress such as surgical trauma and ischemic reperfusion injury, which can induce infl ammatory reactions and release numerous infl ammatory mediators (16) .
Trauma is accompanied by changes in blood levels of cytokines. Cytokines are infl ammatory mediators responsible for numerous clinical conditions in patients undergoing knee arthroplasty surgery (17 Table 2 . Serum CRP and ESR levels of patients with POA undergoing knee arthroplasty protein C receptor, rendering the endothelium less capable of activating PC, more sensitive to thrombin activation, and more likely to produce proinfl ammatory mediators (18) . In OA, TNF-α also appears to be an important mediator of matrix degradation and a pivotal cytokine in inducing synovial membrane infl ammation. An enhanced expression of TNF-α receptor has also been reported in chondrocytes and synovial cells of OA (19) . Bottner et al. (20) evaluated the role of TNF-α in 78 patients undergoing TKR surgery and found signifi cantly higher levels of TNF-α in the peripheral blood when compared with the control group. Similarly, in the present study we also found elevated TNF-α levels in synovia and plasma in the patient group compared with the control group. TNF-α is secreted by monocytes transforming into macrophages. This increase could be a consequence of mainly local activation of TNF production (21) . Other investigators support our fi ndings (17, 22) .
In the present study, both CRP and TNF-α were elevated in the patient group. Infl ammation increases CRP concentrations (8) and TNF-α was found to be infl uential in CRP synthesis in blood (23) . Overproduction of TNF-α may induce systemic response from the liver, the main source of CRP in our patient group. It also leads to complement activation and thereby increases the available procoagulant membrane surface. Complement activation brought on by infl ammatory reactions can thus contribute to a hypercoagulable state by providing the key membrane surfaces on which the initiation and amplifi cation aspects of coagulation can proceed (24) . While ESR is a non-specifi c test depending on the plasma viscosity, it generally increases in such infl ammatory responses as CRP (25) . In the present study the increase in ESR together with TNF-α and CRP, were taken as primary osteoarthritis infl ammation indicators.
Infl ammation may initiate clotting and decrease the activity of natural anticoagulant mechanisms (24) . Decreased PC activity in the presurgical POA patients may be the result of infl ammation-induced activation of coagulation since extravascular coagulation has been reported to be accelerated in synovia (4, 26) . Decreased PC activity may refl ect the general state of activation in the infl amed joint as well. In contrast to decreased PC activity, increased TNF-α both in plasma and synovia, together with increased ESR and increased CRP support our argument. Legendre et al. (27) compared activated PC levels of OA and RA synovia in order to examine the relation between activated PC and metalloproteinases. In contrast to our fi ndings they stated that PC was specifi cally activated in RA patients.
In this study, the reason for the dramatic decrease in PC activity might be the elastase released from neutrophils. Eckle I et al. (28) reported that PC activity was reduced by elastase. Neutrophil elastase is known to be released from neutrophils during blood coagulation and infl ammation and acts as a mediator of tissue damage, including endothelial cell injury, which can lead to organ failure (29) .
To our knowledge, this is the only study in the literature evaluating PC activity in synovia in patients undergoing TKA surgery. In the patient group, the decreased PC activity in synovia was much more enhanced than that in the plasma. Although there is no specifi c information about the source of PC in synovia, it may be the leak from plasma through the synovial membrane, or PC may be synthesized locally by the synovium cells or fi broblasts. Our interpretation is not valid when it is considered that PC leaks from blood to synovial. However the reason for the passage of PC into synovia from blood may be to prevent extravascular fi brin formation in the synovia or it may represent a more specifi c activation of the PC pathway in the patient group.
Consequently, we observed increased infl ammation and an associated tendency to in-vivo coagulation in the patient group. Our results could be evidence of an impaired PC anticoagulant pathway and the role of infl ammation in exacerbating this process. Decreased activity of PC can be proposed as an "early marker" to determine a higher risk or susceptibility for development of thrombosis before TKA surgery or even a few days after operation.
